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[5 7] ABSTRACT 

A method of making a semiconductor device in a 
major surface of a semiconductive body having an 

- inset pattern of insulating material and in which an ad 
ditional doped zone is provided adjacent to the inset 
pattern. Prior to the provision of the inset pattern, 
providing an oxidation-"and impurity masking layer 
pattern with apertures at the areas where the inset pat 
tern is to be formed, doping the body through the ap 
ertures and thereafter oxidizing the body portions 
through the apertures, thereby providing oxidation - 
junction isolation and channel stop. 

7 Claims, 8 Drawing Figures 
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INTEGRATED CIRCUITS WITH 
OXIDATION-JUNCTION ISOLATION AND 

CHANNEL STOP 

This is a division of application Ser. No. 238,784, 
?led Mar. 28, 1972, now abandoned. 
The invention relates to a ‘semiconductor device 

comprising a semiconductor body having at least one 
circuit element with at least three regions of which two 
regions have a ?rst conductivity type and are separated 
by a region having a second conductivity type opposite 
to the first type, in which a pattern of insulating mate 
rial is present which is inset in the semiconductor body 
and which extends in said body at least over a part of 
its thickness from a major surface of the semiconductor 
body, the semiconductor body has at least one layer 
shaped part which adjoins ‘the major surface and ad 
joins the inset pattern along its whole circumference 
and throughout its whole thickness, in'which layer 
shaped part one of the two regions of the ?rst conduc 
tivity type and the region of the second conductivity 
type of the circuit element are provided entirely and 
the other one of the two regions of the first conductiv 
ity type is provided at least partly, while the other re 
gion, in so far as it is provided in the layer-shaped part, 
adjoins the inset pattern along its full circumference 
and the region of the second conductivity type, adjoins 
the inset pattern at least along a part of its circumfer 
ence and the region of the second conductivity type is 
separated from the major surface at least partly by the 
one region. 
The invention furthermore relates to a method of 

manufacturing the semiconductor device. 
Such a semiconductor device in which the circuit ele 

ment is a transistor is described in the Dutch Patent ap 
plication No. 6,614,016 and has important advantages. 
For example, the p-n junction between the region of 
the second conductivity type serving as a base and the 
other region of the ?rst conductivity type serving as a 
collector often does not terminate via a strong curva 
ture near its edge substantially normal to the main sur 
face, but is laterally bounded ‘by the pattern while 
avoiding said curvature, and this has a favorable in?u 
ence on the electric properties of the transistor, 

ln manufacturing such a semiconductor device in an 
integrated circuit, starting material is often a high 
ohmic semiconductor substrate of the p-type conduc 
tivity on which a semiconductor layer of the n-type 
conductivity is deposited epitaxially, if desirable after 
a source has been provided ?rst on the substrate with 
a doping material which can cause the n-type conduc 
tivity in the semiconductor body to obtsin a so-called 
buried collector layer. 
By local oxidation of the epitaxial layer, the inset pat 

tern of insulating material is then formed and regions 
of the p- and of the n-conductivity type, namely the 
base and the emitter of the transistor, are then succes 
sively formed by diffusion in the layer-shaped part en 
closed laterally by the pattern. 

It has been found experimentally that during the for 
mation of the inset pattern by oxidation of the epitaxial 
layer, the doping material which causes the n-type con 
ductivity in the epitaxial layer is often incorporated 
only insufficiently by the formed oxide and is even 
forced into the substrate as a result of which this can 
be locally overdoped and channelling can occur be 
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2 
tween circuit elements in adjacent layer-shaped parts 
separated by the inset pattern. 
Furthermore, a concentration of the doping material 

from the epitaxial layer at the boundary with the inset 
layer has for its result that upon diffusion of a base 
which adjoins the pattern along its whole circumfer 
ence, an edge region of the base is less strongly of the 
p-type conductivity than is a central part of the base, 

In addition, doping materials which cause the p-type 
conductivity in the semiconductor material are often 
incorporated to a rather considerable extent by the 
inset pattern, as a result of which the base becomes 
thinner at least at the'boundary with the inset pattern. 

lf subsequently an emitter of the n-type is diffused in 
the layer-shaped part, which emitter also extends up to 
the pattern, the edge region of the base is often over 
doped as a result of which shortcircuit occurs between 
the emitter and the collector. ' 
Such a shortcircuit easily occurs in certain processes 

to obtain the inset pattern as will be described in detail 
below. ' 

The described problems of channelling and shortcir 
cuit may also occur, for example, when the starting ma 
terial is a p-type epitaxial layer on a p-type substrate. 
Channelling and shortcircuit may occur in this case 

in that n-type channels can be induced in p-type re 
gions adjoining the oxide by positive charges in the 
oxide or at the interface semiconductor-oxide. 
The said channelling is promoted in that instead of 

forcing the doping material into the epitaxial layer, the 
phenomenon just occurs that the doping material is ab 
sorbed to a considerable extent from the epitaxial layer 
by the forming oxide. 

It is one of the objects of the invention to avoid the. 
described problems of channelling and shortcircuit at 
least considerably. 
The invention is based on the recognition of the fact 

that the described effects of the concentration of dop 
ing materials which cause the n-type conductivity, the 
concentration reduction of doping materials which 
cause the p-type conductivity, and of charges in the 
inset pattern can be compensated by an increase of the 
concentration of the last-mentioned doping materials 
in a zone adjoining the inset pattern. 
According to the invention, the semiconductor de 

vice mentioned in the preamble therefore is character 
ized in that the inset pattern, at least at the area where 
it adjoins the layer-shaped part, in the semiconductor 
body is entirely embedded in an adjacent zone with a 
concentration of a doping material which can cause the 
second conductivity type, said concentration being 
smaller than the maximum concentration of the doping 
material causing the ?rst conductivity type in the other 
of the two regions of the ?rst conductivity type, said 
concentration being suf?ciently large to prevent elec 
tric connection between regions of the ?rst conductiv 
ity type in regions of the second conductivity type at 
the area of the zone. Doping material is to be under- . 
stood to mean herein also a mixture of doping materials 
which cause the same conductivity type. With such an 
adjacent zone, overdoping of a semiconductor sub 
strate during the oxidation of, for example, an epitaxial 
layer and channelling between layer-shaped parts sepa~ 
rated by the pattern can be prevented and a so~called 
channel stopper be formed. 
Therefore, the semiconductor device according to 

the invention preferably is an integrated circuit, the 
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semiconductor body comprises a substrate and an epi 
taxial layer, the other of the two regions of the ?rst con 
ductivity type comprises a buried layer, and the con 
centration of the doping material in the adjoining zone 
is smaller than the concentration of the doping material 
causing the ?rst conductivity type in the buried layer. 

It will be obvious that in the semiconductor device 
according to the invention the zone adjoining the pat 
tern and the said regions coincide partly. 

In an important preferred embodiment of the semi 
conductor device according to the invention the con 
centration of the doping material causing the second 
conductivity type in the adjoining zone is smaller than 
the maximum concentration of the doping material 
causing the first conductivity type in the one of the two 
regions of the ?rst conductivity type, and the one re 

. gion adjoins the inset pattern at least over a part of its 
circumference. Due to the adjoining zone, shortcircuit 
between the two regions of the ?rst conductivity type 
can be prevented. 
The manufacture of the said preferred embodiment 

is comparatively simple, since no accurate alignment 
step relative to the region of the second conductivity 
type is necessary for providing the one region, and the 
mask opening for diffusion of the one region can even 
be partly laid over the pattern. 
This again involves that no space need be reserved on 

the major surface for inaccuracies in the alignment step 
for providing the one region, as a result of which space 
is saved and the semiconductor device can be made 
smaller. ' 

A further advantage of the said preferred embodi 
ment is that the two p-n junctions between the regions 
of the circuit element can be substantially equally 
large. This permits more freedom in the choice as to 
which of the two regions of the ?rst conductivity type 
may serve as the emitter and which as the collector of 
a transistor. The region of the second conductivity type 
may serve as the base. 
The semiconductor device according to the invention 

may be constructed, for example, so that the one region 
adjoins the inset pattern over part of its circumference 
and that the region of the second conductivity type ad 
joins the major surface in two places separated from 
each other by the one region. As a result of this, for ex 
ample, a bipolar transistor having two base contacts or 
a field effect transistor is obtained. 
The semiconductor device according to the invention 

may alternatively be constructed so that multi-emitter 
or multi-collector systems are obtained. 

In another embodiment, adjacent layer-shaped parts 
have a common region with a high concentration of a 
doping material, via which common circuit elements 
can be conductively connected in the adjacent layer 
shaped parts. In order to obtain certain circuits, the 
common region in the one layer-shaped part may serve 
as the emitter and in the other layer-shaped part as the 
collector. 

If the one region of the first conductivity type adjoins 
the inset pattern throughout its circumference, space 
will generally be reserved on the major surface for con 
necting the region of the second conductivity type. 

If the concentration of the doping material causing 
the second conductivity type in the adjoining zone is 
larger than the maximum concentration of the doping 
material causing the ?rst conductivity type in the one 
of the two regions of the ?rst conductivity type, the 
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4 
zone adjoining the pattern may be provided at the 
major surface with a contact for the region of the sec 
ond conductivity type. 
A zone adjoining the pattern may elegantly be used 

for contacting a semiconductor body of the second 
conductivity type, for example of a substrate on which 
an epitaxial layer is provided. 
For that purpose, the semiconductor body in a semi 

conductor device according to the invention preferably 
has another layer-shaped part which adjoins the major 
surface and which adjoins a part of the inset pattern at 
least along a part of its circumference and throughout 
its thickness, the said part of the inset pattern in the 
semiconductor body is entirely embedded in an adjoin 
ing zone having a concentration of a doping material 
which causes the second conductivity type at least in 
the part of the adjoining zone which is situated in the 
other layer-shaped part, and the semiconductor body is 
contacted at the major surface via the part of the ad 
joining zone in the other layer-shaped part. 
The invention also relates to a method of manufac 

turing a semiconductor device comprising a semicon 
ductor body having at least one circuit element with at 
least three regions of which two regions have a first 
conductivity and are separated by a region having a 
second conductivity type opposite to the ?rst type, in 
which a pattern of insulating material is present which 
is inset in the semiconductor body and which extends 
in said body at least over a part of its thickness from a 
major surface of the semiconductor body, the semicon 
ductor body has at least one layer-shaped part which 
adjoins the major surface and adjoins the inset pattern 
along its whole circumference and throughout its whole 
thickness, in which layer-shaped part one of the two re 
gions of the ?rst conductivity type and the region of the 
second conductivity type of the circuit element are pro 
vided entirely and the other of the two regions of the 
?rst conductivity type is provided at least partly, while 
the other region, in so far as it is provided in the layer 
shaped part, adjoins the inset pattern along its whole 
circumference and the region of the second conductiv 
ity type adjoins the said inset pattern at least along a 
part of its circumference and the region of the second 
conductivity type is separated from the major surface 
at least partly by the one region, an oxidation-resistant 
masking layer having apertures at the area where the 
pattern is to be formed by oxidation being provided on 
the major surface, after which the pattern is formed by 
oxidation, characterized in that the semiconductor 
body is subjected to a treatment in which a doping ma 
terial which can cause the secondary conductivity type 
in the semiconductor body is diffused in a zone adjoin 
ing the pattern and the concentration of the doping ma 
terial in the zone is smaller than the maximum concen 
tration of the doping material causing the ?rst conduc 
tivity type in the other of the two regions of the first 
conductivity type, said concentration being suf?ciently 
large to prevent electric connection between regions of 
the ?rst conductivity type in regions of the second con 
ductivity type at the area of the zone. 
The method according to the invention is preferably 

carried out so that the masking layer is ?rst used for 
masking during the diffusion of the doping material 
which can cause the second conductivity in the semi 
conductor body to obtain a doping pattern, after which 
the masking layer is used for masking during oxidation 
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of the doping pattern to obtain the inset pattern and the 
adjoining zone of the second conductivity type. 

In this method the inset pattern consists of oxide of 
the semiconductor material, for example silicon oxide. 
The oxidation-resistant masking layer consists, for ex 
ample, of silicon nitride or of a double layer of silicon 
oxide and silicon nitride which, besides against oxida 
tion, also masks against diffusion. In the choice of the 
concentration of the doping material in the doping pat 
tern, the distribution of said doping material between 
the oxide pattern to be formed and the semiconductor 
material and the desirable concentration of the doping 
material in the various embodiments of the semicon 
ductor device to be manufactured should of course be 
taken into account. 
One is not-restricted to the diffusion of the doping to 

obtain the adjoining zone preceding the oxidation. 
The method according to the invention is therefore 

preferably carried out so that ?rst the pattern is formed 
by oxidation and the zone of the second conductivity 
type adjoining the pattern is subsequently obtained by 
diffusion of aluminum or gallium as a doping material 
which can cause the second conductivity type. In this 
variation the fact is used that aluminum and gallium 
can diffuse comparatively rapidly through silicon ox 
ide. 
When gallium or aluminum is used as a doping mate 

rial which can cause the second conductivity type, the 
oxidation-resistant masking layer may be used. These 
doping materials are preferably diffused after removing 
the masking layer. ltlwill be obvious that in this case 
only embodiments of the semiconductor device ac 
cording to the invention are manufactured in which the 
concentration of the gallium and/or the aluminum in 
the adjacent zone is smaller than the maximum concen 
tration of the doping material causing the ?rst conduc 
tivity type in the one of the two regions of the first con 
ductivity type. Aluminum or gallium is preferably dif 
fused after the one region of the first conductivity type 
has been formed in the semiconductor body. 
The diffusion of the adjacent zone may be carried out 

simultaneously and with the same doping materials as 
a diffusion to obtain preferably a region of the second 
conductivity type, for example, a base region or a 
contact region of, for example, a semiconductor body, 

In order that the invention may be readily carried 
into effect a few embodiments thereof will now be de 
scribed in greater detail, by way of example, with refer 
ence to the accompanying drawings, in which: 
FIG. 1 is a diagrammatic partial crosssectional view 

and a partial perspective view of a part of an embodi 
ment of the semiconductor device according to the in 
vention. 
FIG. 2 is a diagrammatic partial crosssectional view 

and partial perspective view of a part of another em 
bodiment of the semiconductor device according to the 
invention. 
FIG. 3 is a diagrammatic cross-sectional view of a 

part of a semiconductor device of the type mentioned 
in the preamble in an early stage of the manufacture. 
FIG. 4 is a diagrammatic cross-sectional view of a de 

tail of the part shown in FIG. 3 in a later stage of the 
manufacture. 
FIGS. 5 and 6 are diagrammatic cross-sectional views 

of the part shown in FIG, 3 and a detail thereof, respec 
tively, in later successive stages of manufacture by 
means of the method according to the invention. 
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6 
FIGS. 7 and 8 are diagrammatic cross-sectional-views 

of the part shown in FIG. 1 in successive stages of man 
ufacture by means of the method according to the in 
vention. 
The ?rst example of a semiconductor body to be de 

scribed is an integrated circuit a part of which is shown 
in FIG. I. It comprises a semiconductor body 1 of the 
p-conductivity type comprising as a circuit element a 
transistor having two regions 2 and (4, 5) of the in 
conductivity type separated by a region 3 of the p 
conductivity type. 
An inset pattern (6, 7, 8) of insulating material is 

present in the semiconductor body 1 and extends from 
a major surface 9 of the semiconductor body I in said 
body. The semiconductor body has a layer~shaped part 
10 which adjoins the major surface 9 and adjoins the 
inset pattern (6, 7) along its whole circumference and 
throughout its whole thickness. In the layer-shaped part 
10 one of the two regions of the n-conductivity type, 
namely the region 2, and the region of the p 
conductivity type 3 are provided entirely and the other 
of the two regions of the n-conductivity type, namely 
the region (4, 5), is provided partly. The region (4, 5) 
in so far as it is provided in the layer-shaped part 10 ad 
joins the inset pattern (6, 7) as well as the region 3 of 
the p-conductivity type along its'whole circumference. 
The region 3 is separated partly from the major surface 
9 by the one region 2. 
According to the invention, the inset pattern (6, 7, 8) 

in the semiconductor body is‘ entirely embedded in an 
adjacent or additional (11, 12, 13) having a concentra 
tion of a doping material which can cause the p 
conductivity type, which concentration is smaller than 
the maximum concentration of the doping material 
causing the n-conductivity type in the other (4, 5) of 
the two regions of the n-conductivity type. The concen 
tration is also sufficiently large to prevent electric con 
nection between regions of the n-conductivity type in 
regions (3, ll) of the p-conductivity type at the area of 
the zone (11, I2, 13), for example between the regions 
2 and (4, 5). 

In FIG. I the boundary of the zone (11, 12, 13) in the 
semiconductor body is denoted partly in a solid and 
partly in a broken line. In the case of a broken line, the 
conductivity type of the regions is not varied by the 
presence of the zone, in the case of a solid line it is var 
ied indeed. So in this example the region 3 of the p 
conductivity type is extended as it were by an edge of 
a part 4 of the other (4, 5) of the two regions of the n 
conductivity type. The part 18 of the adjacent zone 11 
serves as a channel stopper with respect to a circuit ele 
ment not shown in an adjacent layer-shaped part. Lay 
er-shaped parts can be isolated from each other by 
means of such channel stoppers. 

In the embodiment shown in FIG. 1, the concentra 
tion of the doping material causing the p-conductivity 
type in the adjacent zone (l1, I2, 13) is smaller than 
the maximum concentration of the doping material 
causing the n-conductivity type in the one of the two 
regions of the n-conductivity type, namely in the region 
2, and the region 2 adjoins the inset pattern (6, 7) over 
a part of its circumference. . 
The regions 2 and 3 can be contacted at the major 

surface 9 on the layer-shaped part 10, while the region 
(4, 5) can be contacted at the major surface on a sec 
ond layer-shaped part l4. 
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The adjoining zone can be used elegantly for contact 
ing a semiconductor body of the p-conductivity type of 
the semiconductor device at the major surface. The 
semiconductor body has another layer-shaped part 15 
which adjoins the major surface 9 and which adjoins a 
part 8 of the inset pattern at least along a part of its cir 
cumference and throughout its thickness. The said part 
8 is fully embedded in the semiconductor body in an 
adjacent zone 13. The zone 13 has a concentration of 
a doping material which causes the p-conductivity type 
in the part 16 of the adjoining zone 13. Via the part 16 
of the adjoining zone 13 in the other layer-shaped part 
15, the semiconductor body 1 is contacted at the major 
surface 9. Contacting is carried out, for example, on a 
low-ohmic contact zone 17 of the p-conductivity type. 
The second embodiment of a aluminum device ac 

cording to the invention as is shown in FIG. 2 will now 
be described brie?y. In this embodiment also the cir 
cuit element is a transistor. The semiconductor body 25 
comprises an inset pattern 26, 27, a layer-shaped part 
28 in which the regions 21 and (22, 23) of the n-type 
(the latter partly), and the region 24 of the p-type of 
the transistor are present. 
The inset pattern 26, 27 is embedded in an adjacent 

zone (29, 30) in the same manner as described in the 
preceding embodiment. In this embodiment the region 
24 of the p-type adjoins the inset pattern 26 only over 
a part of its circumference, as a result of which the 
other region (22, 23) in the layer-shaped part 28 is con 
tacted, if desirable, by means of a low-ohmic contact 
zone 31 of the n-type. > 

In a corresponding manner as in the preceding em 

bodiment, the semiconductor body in this case also 
may be contacted at the major surface 32. 

In manufacturing the semiconductor device de 
scribed, an oxidation-resistant masking layer 37, 38 
having apertures 39 at the area where the inset pattern 
is to be formed is provided on the major surface 35 (see 
FIG. 3) of a semiconductor body of silicon. 

It will now be described how in certain processes to 
obtain the inset pattern shortcircuit may occur between 
regions of the circuit element to be formed in the semi 
conductor body. 
The masking layer 37, 38 often consists of a silicon 

oxide layer 38 and a silicon nitride layer 37. After pro 
viding the apertures 39 in the masking layer, recesses 
40 are etched in the semiconductor body. During the 
oxidation of the silicon body 36 at the area of the reces 
ses 40, oxidation occurs also at the edge of the aper 
tures below the silicon oxide layer 38, as a result of 
which an inset oxide pattern is formed after the re 
moval of the masking layer 37, 38, the shape of the 
edge 41 of which pattern is shown in FIG. 4. 

If in a usual manner a shallow region 43 of the p-type 
is diffused in the n-type layer-shaped part 44 via the 
major surface 35, an oxide layer 45 is also formed at 
the major surface 35. Upon removing the oxide layer 
45, the part 42 shown in broken lines of the inset oxide 
pattern 41 may also be removed. It will be obvious from 
the Figure that the p-n junction 46 may be exposed so 
that in a subsequent diffusion of a doping material to 
obtain an n-type region shortcircuit occurs between 
said region and the original layer-shaped part 44. In the 
method according to the invention, the short~circuit 
described is prevented in that the semiconductor body 
36 is subjected to a treatment in which a doping mate 
rial which can cause the second conductivity type in 
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8 
the semiconductor body 36 is diffused in a zone 61 ad 
joining the pattern 41. 

In a variation of the method according to the inven 
tion, such a shortcircuit is preferably prevented in that 
the masking layer 37, 38 is used, prior to the oxidation, 
for masking during diffusion of the doping material 
which can cause the p-conductivity type in the semi 
conductor body 36 to obtain a doping pattern 51, 52 
(see FIG. 5), after which the masking layer is used for 
masking during oxidation of the doping pattern 51, 52 
to obtain the inset pattern 41 and the adjoining zone 61 
of the p-conductivity type (see FIG. 6). 

In this method the p-n junction 46 is not exposed 
upon removing the oxide layer 45. In another variation 
of the method according to the invention, the above 
described shortcircuit is prevented in that after the for 
mation of the inset pattern 41 by oxidation, the zone 61 
of the p-type adjoining the pattern 41 is obtained by 
diffusion of aluminum or gallium as a doping material 
which can cause the p-type. 
For reasons of simplicity the shape details of the inset 

oxide pattern are shown in FIGS. 4 and 6 only. 
The structure shown in FIG. 1 can be manufactured 

as follows by means of the method according to the in 
vention. Starting material is a p-type semiconductor 
body 1 in the form of a silicon wafer having a thickness 
of 200 p. and a resistivity of 2 ohm.cm and serving as 
a substrate on which an n type arseniccontaining epi 
taxial layer 4 having a thickness of 2 [L and a resistivity 
of 0.5 ohm.cm is deposited (see FIG. 7). A low ohmic 
n-type region 5 having a maximum concentration of ar 
senic of 5.10‘” atoms/ccm is formed in a usual manner 
in the epitaxial layer and the remaining substrate part 
of the semiconductor body, for example, by the local 
deposition, prior to the epitaxy, on the semiconductor 
body of an arsenic source which during the subsequent 
epitaxial process diffuses both in the semiconductor 
body and in the epitaxial layer while forming the low 
ohmic n-type region 5. 
An oxidation-resistant masking layer 71, 72 consist 

ing of a silicon nitride layer 71 of 0.2 p. thickness and 
a silicon oxide layer 72 of 0.05 ,u. thickness having aper 
tures 74 are then provided on a major surface 73. 
The masking layer 71, 72 is ?rst used for etching the 

silicon body in which approximately 1 11. deep recesses 
76 are formed and is then used for the diffusion of 
boron in the epitaxial layer 4 to obtain the doping pat 
tern 75. For that purpose a boron source is formed in 
a usual manner by heating for 5 minutes at 975°C in a 
boron oxide-containing vapour current. The masking 
layer 71, 72 is then used to mask during oxidation (see 
FIG. 8) of the doping pattern 75 to obtain the 2.2 p. 
deep inset pattern (6, 7, 8), which extends slightly 
deeper in the semiconductor body 1 than the thickness 
of the epitaxial layer 4, and the approximately 1.5 p. 
deep adjoining zone 11, 12, 13 of the p-type having a 
boron concentration of approximately 5.10l7 
atoms/com. The oxidation is carried out by passing 
steam of 1 atmosphere over the silicon body for l6 
hours at 1,000°C after which the masking layer 71, 72 
is removed. 
The semiconductor device shown in FIG. I can now 

be obtained in a simple manner since diffusion of dop 
ing materials to obtain the regions 3 and 17 (for exam 
ple simultaneously) and the region 2 may be carried 
out without it being necessary for masks to be aligned 
accurately relative to the inset pattern. By a usual diffu 
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sion process, the region 3 has, for example, an average 
concentration of boron of IO“ atoms/ccm and is l ,u. 
deep. The region 2 has a concentration of phosphorus 
of 1020 atoms/ccm and is 0.6 p. deep. In the layer part 
14, the other region 4, 5 can be contacted by a deep 
diffusion of phosphorus with 1020 atoms/ccm. I-Ierewith 
it is also achieved-that no separate mask need be used 
for diffusing the regions 3 and 17. 
The regions of the circuit element and the semicon 

ductor body can be contacted at the major surface of 
the semiconductor body via contact zones. 

In a corresponding manner, a semiconductor device 
as shown in FIG. 2 can be manufactured. This device 
also has the advantages of simple alignment steps to— 
gether with the pressure of channel stoppers between 
circuit elements in adjacent layer-shaped parts or be 
tween regions in a circuit element. 
The structure shown in FIG. 8 may also be manufac 

tured by forming the inset pattern 6, 7, 8 after provid 
ing the masking layer 71,.72 (see FIG. 7) and not pro 
viding the doping pattern 75. Gallium or aluminum is 
then diffused, for example, while using the masking 
layer 71,72. 

In the case of diffusion of aluminum, the silicon body 
is provided in a tray of aluminum oxide, which can be 
closed with an aluminum oxide lid, An alloy of 10 per 
cent by weight of aluminum with 90 percent by weight 
of silicon is contained in the tray. Upon heating at 
l,0O0°C for 60 minutes in a stream of hydrogen, alumi~ 
num is diffused in the silicon body over a depth of ap 
proximately la. 

In the case in which gallium is diffused, silicon pow 
der is used which contains 10"‘ atoms gallium per ccm 
and heating is carried out in vacuum at 1-,100°C for 20 
minutes. The diffusion depth of the gallium is also ap 
proximately IM 
By diffusion of gallium or aluminum the zone 11, l2, 

13 of the p-type adjoining the pattern is formed, the 
maximum concentration of the doping material in the 
zone is in both diffusion processes 5.l0l7 atoms/ccm. 
Aluminum or gallium is preferably diffused after the 
masking layer 71, 72 has been removed. The advantage 
of this is that ?rst the one region of the'first conductiv 
ity type and the region of the second conductivity type 
can be obtained by diffusion. These latter two diffusion 
treatments might disturb an already obtained diffusion 
profile of the rather rapidly diffusing gallium. 
Therefore, gallium or aluminum is preferably dif 

fused after the one region of the first conductivity type 
has beenuforrned thesemiconductor body. 

In a further preferred embodiment, the adjoining 
zone and the region of the opposite conductivity type 
are formed simultaneously in the semiconductor body. 
This saves a diffusion step. 
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Diffusion of Al or Ga may of course also be used to 

isavtain thqstrucwre.shawainfl?. .2,“ - 
It will be obvious that the invention is not 

to the embodiments described. For example, instead of i 
the p-type semiconductor body described in the em 
bodiments, the starting material may be an vn-type semi 
conductor body. The semiconductor bodies may be 

v provided with p-type epitaxial layers instead of with n 

60 

type epitaxial layers. Instead of etching recesses prior I 
to the oxidation described, the oxidation may also be 
carried out in the two steps, in which the formed oxide 
is removed after the ?rst step. The circuit element may 
be, for example, a p-n-p-n transistor. The inset pattern 1 

110 
may also be inset only partly in the semiconductor 
body, which is the case, for example, when the oxida 
tion is not interrupted by a step in which the already 
formed oxide is removed or when the body is not 
etched previously to oxidation. , 

Instead of a silicon nitride layer, the masking layer 
may comprise an aluminum oxide layer. 

In all the cases, space-saving structures may be ob 
tained for the manufacture of which special alignement 
steps can often be avoided. 
What is claimed is: 
1. In a method of making a semiconductor device 

comprising a semiconductor body having at a major 
surface an inset pattern of insulating material forming 
at least one layer-shaped, surface body part adjoining 
the inset pattern along its entire circumference and 
throughout its entire thickness, and having at least one 
circuit element with at least first and second regions of 
a first conductivity type separated by a third region of 
a second conductivity type with said first and third re 
gions being located entirely in said one layer-shaped 
body part and said second region having at least a part 
located in said one layer-shaped body part and said sec 
ond region part adjoining the inset pattern along its en 
tire circumference, and having said third region adjoin 
ing the inset pattern along at least a part of its circum 
ference and being separated from the major surface at 
least in part by the ?rst region,'in which an additional 
doped zone is provided adjacent to the inset pattern, 
the steps comprising prior to provision of the inset pat 
tern, providing an oxidation and impurity masking 
layer pattern on the major surface and with apertures 
over the semiconductor body portions at the areas 
where the inset pattern is to be formed, introducing 
second type forming impurities into the body through 
the apertures while the oxidation and impurity mask 
ing layer protects the body parts between the aper 
tures to form the said additional zone, and thereafter 
oxidizing the body portions through the apertures 
while the oxidation masking layer protects the body 
parts between the apertures to form the inset pattern, 
the impurity introduction and oxidation steps being 
such that the'additionalmdoped zone ‘which ‘rating 

"borders the whole of the inset pattern and contains a 
concentration of second type forming impurities 
which is smaller than the maximum concentration 
of first type forming impurities in the second region 
but still sufficiently large to prevent in the semi 
conductor adjacent the inset pattern undesired elec 
trical gonnections betweenspacedfirsttype regions.» 

2. A method as claimed in‘claim‘l wherein?the se 
cond-type forming impurities are introduced by diffu 
sion. 

3. A method as claimed in claim 2 wherein prior to 
the diffusion step grooves are formed in the semicon 
ductor bdoy at the areas where the second type impuri 
ties are to be diffused. 

4. In a method of making a semiconductor device 
comprising a semiconductor body having at a major 
surface an inset pattern of insulating material forming 
at least one layer-shaped. surface body part adjoining 
the inset pattern along its entire circumference and 
throughout its entire thickness, and having at least one 
circuit element with at least ?rst and second regions of 
a ?rst conductivity type separated by a third region of 
a second conductivity type with said ?rst and third re 
gions being located entirely in said one layershaped 
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body part and said second region having at least a part 
located in said one layer-shaped body part and said sec 
ond region part adjoining the inset pattern along its en 
tire circumference, and having said third region adjoin 
ing the inset pattern along at least a part of its circum 
ference and being separated from the major surface at 
least in part by the ?rst region, in which an additional 
doped zone is provided adjacent to the inset pattern, 
the steps comprising providing an oxidation masking 
layer pattern on the major surface and forming the 
inset pattern by oxidizing the exposed surface portions, 
and thereafter diffusing aluminum or gallium as second 
type forming impurities into the structure, the inset pat 
tern being substantially transparent to the aluminum or 
gallium whereby the additional doped zone that forms 
borders the entire inset pattern and contains a concen 
tration of second type forming impurities which is 
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12 
smaller than the maximum concentration of ?rst type 
forming impurities in the second region but still suf? 
ciently large to prevent in the semiconductor adjacent 
the inset pattern undesired electrical connections be 
tween spaced ?rst type regions. 

5. A method as claimed in claim 4 wherein after the 
inset pattern is formed and before the diffusion step, 
the oxidation masking layer is removed. 

6. A method as claimed in claim 5 wherein the alumi 
num' or gallium is diffused after the first region of the 
?rst conductivity type has been formed in the semicon 
ductor body. ' 

7. A method as claimed in claim 5 wherein the addi 
tional zone and the third region of the second conduc 
tivity type are formed simultaneously in the semicon 
ductor body. 
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